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A radiation evaluation was performed on LM137 to determine the total dose tolerance of these parts. A brief
summary of the test resultsis provided below. For detailed information, refer to Tables | through IV and Figure 1.

Thetotal dose testing was performed using a Co®® gamma ray source. During the radiation testing, eight parts were
irradiated under bias (see Figure 1 for bias configuration) and two parts were used as control samples. The total
dose radiation levels were 10.0, 20.0, 30.0, 50.0, 75.0, 100.0, 150.0, and 200.0 kRads." The dose rate was between
0.250 and 1.250 kRads/hour (0.069 to 0.347 Radg/s). After the 30.0 kRad irradiation, the parts were annealed for 48
hours at 25°C. After the 200.0 kRad exposure, the parts were annealed for 168 hours at 25°C. See Table I1 for the
radiation schedule and effective dose rate calculation. The effective dose rate over all testing was 0.049Rads/sec.
After each radiation exposure and annealing treatment, parts were electrically tested according to the test conditions
and the specification limits” listed in Table 1.

Initial electrical measurements were made on 10 samples. Eight samples (SN’s 78, 85, 94, 103, 106, 114, 119, and
121) were used as radiation samples while SN’s 72 and 76 were used as a control samples. All parts passed al tests
during initial electrical measurements. Parts showed no significant degradation on exposure to 50kRads followed by
192 hours of annealing at 25°C. The table below provides a brief summary of radiation sengitive parameters after
the 75 to 200kRad exposures and annealing steps. A detailed summary is provided following the table.

Summary Table of Radiation Sendtive Parameters

Exposure/ Annealing Level

Specification 75.0 kRads 100 kRads + | 150 kRads 200 kRads 168hr anneal
Parameter Units | Limits 264hr annedl
1Q_-41.25V mA | 10-50 Pass Pass >9.8 >9.8 1.69-98
IADJ -41.25 mA 25-100 Pass Pass 167 — 274 245 - 333 195 - 285
Ddta IADJ 1 | mA -50-5.0 -17.7--405 | -79--19.2 | -117--122 | -190—-283 | -140-—-241
V_Out_3 V -1.275--1225 | -1.19--122 | -120--1.22 | -1.55—-2.04 | <-2.049 -1.30--1.91
V_Linel mV | -9.0-9.0 9.3-205 1.7-205 <-20.5 <-20.5 <-51.2
V_Load2 mV | -12.0-120 13.2-16.9 186—-200 | <-205 <-20.5 -49.6 — -51.0
V_Out 4 V -1.275--1.225 | -1.20—-151 | -116--1.21 | <-2.049 <-2.049 -1.85—-2.64

Detailed Summary:

" The term Rads, as used in this document, means Rads (silicon). All radiation levels cited are cumulative.
These are manufacturer’ s pre-irradiation data specification limits. The manufacturer provided no post-irradiation
limits at the time these tests were performed.
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All parts passed all teststo 20.0 kRads. No significant degradation was noted in any parameter.

After the 30.0 kRad irradiation, all parts fell marginally below the specification limit of —5.00mA for Delta IADJ 1
with readings in the range of —5.31 to —5.62mA. Several parts exceeded the specification limit of 12mV for
V_Load2 with readingsin the range of 13.0 to 47.7mV. SN’s 78 and 94 marginally exceeded the specification limit
of —1.225V for V_Out_4 with readings of -1.220 and —1.218V. All parts passed all other tests.

After the annealing the parts for 48 hours at 25°C, parts showed significant recovery. Mogt parts fell only
marginally below the specification limit for Delta IADJ 1 with readings in the range of —5.16 to —5.47mA. SN 94
marginally exceeded the specification limit for V_Out_4 with a reading of —1.223V. All parts passed all other
tests.

After the 50.0 kRad irradiation, all parts fell below the specification limit for Delta IADJ 1 with readings in the
range of —7.66 to —12.5mA. SN’s 78 marginally exceeded the specification limit of —1.225V for V_Out_3 with a
reading of —1.222V. SN’s 119 and 121 exceeded the specification limit of 9.0mV for V_Linel with readings of 11.9
and 15.7mV. All parts exceeded the specification limit for V_L oad2 with readings in the range of 16.2 to 19.4mV.
All parts exceeded the specification limit for V_Out_4 with readings in the range of —1.219 to —1.179V. All parts
passed all other tests.

After the annealing the parts for 192 hours at 25°C, parts showed some recovery. All parts continued to marginally
exceed the specification limit for Delta IADJ 1 with readings in the range of —5.31 to —5.62mA. Some parts
continued to exceed the specification limit for V_L oad2 with readings in the range of 12.2 to 14.0mV. Only SN’s
78 and 94 marginally exceed the specification limit for V_Out_4 with readings of —1.221 and —1.219V. All parts
passed all other tests.

After the 75.0 kRad irradiation, all parts fell below the specification limit for Delta IADJ 1 with readings in the
range of —17.7 to —40.5mA. Most parts marginally exceeded the specification limit for V_Out_3 with readingsin the
range of —1.223 t0—1.186V. All parts exceeded the specification limit for V_Linel with readingsin the range of 9.3
to 20.5mV. Several parts exceeded the specification limit for V_Load?2 with readings in the range of 13.2 to
16.9mV. All parts exceeded or fell below the specification limit for V_Out_4 with readings in the range of —1.509
to—1.200V. All partspassed all other tests.

After the 100.0 kRad irradiation and 264 hour annealing, the parts showed some recovery with the following results.
All parts fell below the specification limit for Delta IADJ 1 with readings in the range of —7.9 to —19.2mA. Four
parts marginally exceeded the specification limit for V_Out_3 with readings in the range of —1.204 to —1.218V.
Mogt parts exceeded the specification limit for V_Linel with readings of 20.5mV. All parts exceeded the
specification limit for V_L oad2 with readings in the range of 18.6 to 20.0mV. All parts exceeded or fell below the
specification limit for V_Out_4 with readingsin the range of —1.160 to —1.205V. All partspassed all other tests.

After the 150.0 kRad irradiation, all parts exceeded the specification limit of 5.0mA for 1Q_-41.25V with readings
greater than 9.8mA. All parts exceeded the specification limit of 100mA for IADJ_-41.25V with readings in the
range of 167 to 274mA. All parts continued to fall below the specification limit for Delta IADJ_1 with readingsin
the range of —117 to —222mA. Two parts marginally exceeded the specification limit of —1.225V for V_Out_1 with
readings of —1.216 and —1.222V. Four parts marginally exceeded the specification limit of —1.225V for V_Out_2
with readings in the range of —1.222 to —1.214V. All parts fdl below the specification limit of —1.275V for
V_Out_3 with readings in the range of —1.547 to —2.039V. All parts exceeded the specification limit for V_Linel
with readings greater than 20.5mV. All partsfell below the specification limit of —12.0V for V_Load2 with all parts
reading less than —20.5V. All parts fell below the specification limit of —1.275V for V_Out_4 with readings less
than —2.049V. All parts marginally exceeded the specification limit of —1.225V for V_Out_5 with readings in the
range of —1.222 t0—-1.193V. All partspassed all other tests.

After the 200.0 kRad irradiation, all parts exceeded the specification limit for IQ_-41.25V with readings greater than
9.8mA. All parts exceeded the specification limit for IADJ_-41.25V with readings in the range of 245 to 333mA.
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All parts fell below the specification limit for Delta IADJ_1 with readings in the range of —190 to —283mA. Two
parts marginally exceeded the specification limit for V_Out_1 with readings of —1.222 and —1.221V. Three parts
marginally exceeded the specification limit for V_Out_2 with readings in the range of —1.224 to —1.220V. All parts
fell below the specification limit for V_Out_3 with readings less than —2.049V. All parts fel below the
specification limit for V_Linel with readings less than —20.5mV. All parts fell below the specification limit for
V_Load2 with readings lessthan —20.5V. All parts fell below the specification limit for V_Out_4 with readings less
than —2.049V. All parts continued to marginally exceed the specification limit for V_Out_5 with readings in the
range of —1.224 t0 —1.221V. All partspassed all other tests.

After annealing the parts for 168 hours at 25°C, parts showed modest recovery in 1Q_-41.25V with three parts
passing and dight recovery in V_Out_3 with all parts continuing to fail however. Only one part marginally
exceeded the specification limit for V_Out 5. No significant recovery was noted in any other parameter. A
modification of the test program revealed higher readings for several parameters. V_Linel now hasall partsreading
less than —51.2mV, V_Load2 had readings in the range of —49.6 to —51.0mV, and V_Out_4 had readings in the
range of —1.848 to —2.635V.

Table IV provides a summary of the test results with the mean and standard deviation values for each parameter
after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call me at
(301) 731-8954.

ADVISORY ON THE USE OF THISDOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general guidance to employees of the Goddard Space
Flight Center (GSFC). This document may be distributed outside GSFC only as
a courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressy conditional upon, and is subject to, the following understandings and
limitations:

(8 The information was developed for general guidance only and is subject to
change at any time;

(b) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(c) GSFC does not warrant the accuracy of the information when applied or
used under other than unique GSFC laboratory conditions,

(d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

(e) Neither the United States government nor any person acting on behalf of the
United States government assumes any liability resulting from the application or
use of the information.
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Figure 1. Radiation Bias Circuit for LM 137

Bottom YWiew
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1. Adjustment 2. Qutput 3. Input{Case is Input)

Notes:
1. Capacitorsare 1nf, 50V and are only required if the parts oscill ate.
2. R is250W % 5%, Y2 W.
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TABLE . Part Information

Generic Part Number: LM137
GOES Sounder/Imager Part Number LM137
Charge Number: M78297
Manufacturer: National Semiconductor
Lot Date Code (LDC): 9328
Quantity Tested: 10
Serial Number of Control Sample: 72,76
Serial Numbers of Radiation Samples: 78, 85, 94, 103, 106, 114, 119, and 121
Part Function: Voltage Regulator
Part Technology: Bipolar
Package Style: TO-39
Test Equipment: A540
Test Engineer: D. Davis

No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE Il. Radiation Schedule for LM 137

BV EIN T Lo e e DATE

1) INITIAL ELECTRICAL MEASUREMENTS ... .coiiiiiiiieiiestee sttt 09/12/97
2) 10.0 KRAD IRRADIATION (0.250 KRADSHOUR) ......cciiiiiiiiiiiiie st 09/12/97
POST-10.0 KRAD ELECTRICAL MEASUREMENT .....oiiiiiiiiiiiin e 09/15/97
3) 20.0 KRAD IRRADIATION (0.250 KRADSHOUR) ......cciiiiiiiiiiiiieiie st 09/15/97
POST-20.0 KRAD ELECTRICAL MEASUREMENT .....oooiiiiiiiiiiie e 09/18/97
4) 30.0 KRAD IRRADIATION (0.250 KRADS/HOUR) .....c.utiitiiiieiieie ettt 09/19/97
POST-30.0 KRAD ELECTRICAL MEASUREMENT .....oiiiiiiitiiiin e 09/22/97
5) 48 HOUR ANNEALING @25°C......coieiiieiiieeitiiiiee sttt snn e sanesnne s ennesnneenne s 09/23/97
POST-48 HOUR ANNEAL ELECTRICAL MEASUREMENT .......ooiiiiiii e 09/25/97
6) 50.0 KRAD IRRADIATION (0.250 KRADSHOUR) .......ciiiiiiiiiiiiieiie et 09/25/97
POST-50.0 KRAD ELECTRICAL MEASUREMENT .....ooiiiiiiiiiiiite e 09/27/97
7) 192 HOUR ANNEALING @25°C......c.ueiiueiiueiiieeiiee sttt ssne e 09/27/97
POST-192 HOUR ANNEAL ELECTRICAL MEASUREMENT ......coiiiiiiii e 10/04/97
8) 75.0 KRAD IRRADIATION (0.625 KRADSHOUR) .......coiiiiiiiiiiiiiieiie e 10/04/97
POST-75.0 KRAD ELECTRICAL MEASUREMENT .....oiiiiiiitiiiie e 10/07/97
9) 100.0 KRAD IRRADIATION (0.625 KRADSHOUR) + 264 HOUR ANNEALING @25°C .........cc....... 10/07/97
POST-100.0 KRAD + 264 HOUR ANNEAL ELECTRICAL MEASUREMENT ......ccoiiiiiiiiiinirec e 10/22/97
10) 150.0 KRAD IRRADIATION (1.250 KRADS/HOURY).......coiiirieiriieniieniienieesiee e 10/22/97
POST-150.0 KRAD ELECTRICAL MEASUREMENT .....ociiiiiiiiie e 10/24/97
11) 200.0 KRAD IRRADIATION (1.250 KRADS/HOURY).......cciiimieiriieniieniiesiee et 10/27/97
POST-200.0 KRAD ELECTRICAL MEASUREMENT .....coiiiiiiie e 10/29/97
12) 168 HOUR ANNEALING @25°C......cceeiteiitieitiesiiesieesiee st st st st st sseesbe e b sneesieesseesneesneesneesneennnesneas 10/29/97
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT ......coiiiiiiie e 11/04/97

Effective Dose Rate = 200,000 RADS/47 DAY S=177.3 RADS/HOUR=0.049 RADS/SEC

The effective dose rate is lower than that of the individual radiation steps asit takesinto account the interim-
annealing step.

The interim annealing following the 30.0 and 50.0 kRad steps were added due to degradation in the parts. The
addition of an interim annealing step better smulates the space environment’ s lower dose rate for very senditive
devices. Thismay allow the parts to show satisfactory performance at higher doses or indicate that the part can not
be used beyond the previous dose leve.

The annealing after the 100 kRad step was the result of test equipment repair.

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS, SEE FIGURE 1.
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Tablelll. Electrical Characteristics of LM137 /1

Test Spec. Lim.
# Parameter Units Test Conditions /2 min max
1 ]1Q_-4.25v mA 0.2 3.0
2 11Q_-14.25V mA 0.2 3.0
3 |1Q_-41.25 mA 1.0 5.0
4 |IADJ -4.25V mA|lL = 5mA 25 100
5 |IADJ -41.25V  mA|l. =5mA 25 100
6 |Delta IADJ 1 mA|l.=5mA -5.0 5.0
7 V. Out 1 V|Vin=-4.25V, I =5mA -1.275 | -1.225
8 |V _Out 2 V|V =-41.25V, I =5mA -1.275 | -1.225
9 |V_Out 3 V|Viy=-6.25V, I, =5mA -1.275 | -1.225
10 |V _Linel mV -9.0 9.0
11 |V_Loadl mV|V |y = -6.25V, 5mA<I <400mA -6.0 6.0
12 |V_Load2 mV|V,y = -4.25V, 5mA<I <400mA -12.0 | 120
13 |V _Out 4 V|Vn =-41.25V, BmA<I <400mA | -1.275 | -1.225
14 |V _Out 5 V|V|y =-6.25V, 5mA<I <400mA | -1.275 | -1.225

Note:

1/ These are the manufacturer’s non-irradiated data sheet specification limits. No post-irradiation limits were
provided by the manufacturer at the time the tests were performed.

2/ -41.25V < V| < -4.25V unless otherwise noted.
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TABLE IV: Summary of Electrical M easur ements after
Total Dose Exposuresand Annealing for LM 137H /1

Total Dose Exposur e (KRads) Annealing
Initial 10.0 20.0 30.0 72 hours 50.0 192 hours 75.0 100.0 + 264 hr {150.0 200.0 168 hours
Test Spec. Lim. /2 @25°C @25°C Annealing /4 @25°C
# Parameters Units  min max_ | mean « mean « mean « mean « mean « mean « mean « mean « mean « mean « mean « mean «
1 |1Q_-4.25v mA| 0.2 3.0 050 | 002 | 046 | 001 | 041 | 0.01 | 0.38 | 0.01 | 0.40 | 0.01 /5 0.38 | 0.01 /5 /5 038 | 001 | 041 | 001 | 043 | 0.02
2 [1Q_-14.25v mA| 0.2 3.0 057 | 002 | 0563 | 002 | 049 | 0.02 | 047 | 0.02 | 049 | 0.02 | 044 | 002 | 047 | 002 | 045 | 002 | 047 | 002 | 047 | 0.01 | 050 | 0.01 | 051 | 0.01
3 [IQ_-41.25v mA| 1.0 5.0 171 | 0.06 | 167 | 006 | 164 | 006 | 160 | 0.06 | 1.58 | 0.06 | 1.58 | 0.06 | 1.60 | 0.06 | 1.59 | 0.05 | 1.59 | 0.06 | >9.8 >0.8 3P/5F
4 [IADJ_-4.25V m\| 25 100 62.4 2.2 59.7 2.0 56.7 2.8 53.2 2.0 54.5 2.0 50.4 2.0 51.9 1.9 48.9 15 52.1 15 52.1 11 55.8 14 55.0 17
5 [IADJ_-41.25V m\| 25 100 66.6 2.4 64.2 2.0 61.2 25 58.8 2.1 59.7 2.0 60.5 11 57.5 2.0 78.2 6.9 65.0 30 | 2335] 422 | 3055 | 331 | 2435 | 375
6 |Delta IADJ_1 mA| -5.0 5.0 -4.2 0.2 -4.5 0.2 -4.6 0.5 -5.4 0.1 -5.2 01 |-101| 18 -5.5 02 | -293| 7.7 | -135| 41 |-1815| 422 |-2459| 339 |-188.4| 38.2
7 |V _Out 1 V|[-1.275|-1.225] -1.254 | 0.004 | -1.251 | 0.006 | -1.249 | 0.006 | -1.252| 0.006 | -1.250| 0.006 | -1.245| 0.006 | -1.244 | 0.006 | -1.241 | 0.006 | -1.245| 0.006 | -1.226 | 0.005 | -1.230| 0.007 | -1.234 | 0.007
8 [V _Out 2 V|[-1.275|-1.225] -1.254 | 0.005 | -1.251 | 0.006 | -1.246 | 0.006 | -1.252| 0.006 | -1.250| 0.006 | -1.245| 0.006 | -1.244 | 0.006 | -1.242 | 0.006 | -1.245| 0.006 | -1.224 | 0.005 | -1.228 | 0.007 | -1.234 | 0.007
9 [V Out_3 V|[-1.275|-1.225] -1.255 | 0.005 | -1.253 | 0.005 | -1.250 | 0.006 | -1.253 | 0.006 | -1.251| 0.006 | -1.239| 0.008 | -1.247 | 0.006 | -1.211 | 0.014 | -1.224| 0.014 | -1.845| 0.227 |<-2.049 -1.619| 0.238
10 [V_Linel /6 /7 mV| -9.0 9.0 -1.77 | 0.09 | -209 | 019 | -278 | 020 | -2.64 | 057 | -276 | 041 | -740 | 6.4 | -330 | 050 | 183 37 14.7 7.6 |<-20.5 <-20.5 <-51.2| /7
11 |V_Loadl mV| -6.0 6.0 33 | 014 | 335 | 016 | 345 | 0.13 34 0.21 3.6 0.2 34 0.2 34 0.2 3.6 0.2 37 0.2 4.1 0.4 4.1 0.2 4.2 0.6
12 |V_Load2 /7 mV| -12.0| 120 | 918 | 066 | 9.32 | 066 | 990 | 068 | 11.9 1.6 11.2 1.3 18.2 1.3 11.7 12 10.3 55 19.6 0.4 |<-20.5 <-20.5 -50.3 | 05
13 |V Out 4 /7 V|[-1.275|-1.225] -1.242 | 0.005 | -1.241 | 0.006 | -1.240| 0.007 | -1.238| 0.008 | -1.231| 0.008 | -1.202| 0.014 | -1.203 | 0.077 | -1.315| 0.105 | -1.184 | 0.016 |<-2.049 <-2.049 -2.300| 0.329
14 |V_Out 5 V|-1.275|-1.225] -1.254 | 0.005 | -1.251 | 0.006 | -1.248 | 0.007 | -1.248 | 0.007 | -1.248| 0.007 | -1.245| 0.005 | -1.241 | 0.007 | -1.237 | 0.007 | -1.241| 0.007 | -1.205| 0.007 | -1.211| 0.008 | -1.234 | 0.008
Notes:
1/ Themean and standard deviation values were calculated over the eight partsirradiated in thistesting. The control samples remained constant throughout testing and are not included in thistable.
2/ These are manufacturer's pre-irradiation data sheet specification limits. No post-irradiation limits were provided by the manufacturer at the time the tests were performed.
3/ "P'("F") indicatesthat all parts passed (failed) thistest at thisirradiation level or annealing step. "nPmF" means that n parts passed and m parts failed thistest at thisirradiation level or annealing step.
Thefailing parts had degraded so much that no measurements could be made for these parameters.
4/  Measurements were not possibleimmediately after the 100 kRad irradiation dueto a repair of the test equipment. The parts remained under bias until measurements were possible.
5/ No reliable readings were taken for thistest at thislevel.
6/ Thereadingsat 75 and 100 kRads may not be reliable, the sign change does not follow the pattern of degradation for these parts.
7/ Thetest program was modified after the 200kRad step in an attempt to achieve reliable readings. The new readings after the final annealing are indicitive of the actual value for this parameter.

Radiation sensitive parameters: 1Q_-41.25V, Delta IADJ_1,V_Out_1,V_Out_2,V_Out_3,V_Linel, V_Load2, V_Out_4,V_Out_5.




